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L  INTRODUCTION 


An  important  consideration  in  the  design  of  microwave  communications 
systems  for  reentry  vehicles  is  the  prediction  of  the  radiated  power  levels  at 
which  the  high -temperature  gas  surrounding  the  vehicle  undergoes  electrical 
breakdown.  Several  ingredients  are  necessary  to  make  such  a  prediction; 
first,  details  of  the  flow -field  mass  density,  species  concentrations,  and 
temperatures  as  functions  of  altitude  must  be  available;  second,  the  peak 
value  of  the  spatial  distribution  of  tfee  electric  field  generated  by  the  particu¬ 
lar  antenna  considered  must  be  known;  and  third,  an  analysis  mist  be  avail¬ 
able  for  predicting  voltage  breakdown  in  the  presence  of  electric -field  and 
gas -property  non  uniformities. 

Our  concern  here  is  not  with  flow -field  determination.  We  will 
concentrate  on  die  determination  of  the  electric  field  in  a  realistic  geometry 
and  will  discuss  the  breakdown  analysis  for  cold  air.  Specifically,  we  will 
study  a  sharp-nosed  conical  reentry  vehicle  with  a  symmetrical  circumferen¬ 
tial  gap  antenna  that  is  excited  at  a  frequency  such  that  the  vehicle  length  is 
approximately  one  wavelength  long.  This  model  is  typical  for  small  reentry 
vehicles  operating  in  the  YHF  regime. 

For  this  particular  model,  breakdown  c*n  occur  both  in  the  nose -tip 
region  and  in  the  vicinity  of  the  feed  gap.  The  electric  field  is,  therefore, 
computed  as  a  function  of  di?t»ne2  radially  from  the  nose  tip  and  as  a  function 
of  distance  normally  from  she  feed  gap.  This  calculation  is  accomplished  first 
by  die  use  of  moment  methods  to  obtain  the  current  distribution  on  the  vehicle 
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surface  and  then  by  the  numerical  integration  of  this  current  to  obtain  the 
electric  field  at  any  specified  point  in  space.  The  current  distribution  cal¬ 
culation  is  closely  related  to  previous  work  by  Mautz  and  Harrington  [l]  and 
some  earlier  work  by  Andreasen  [2], 

Recently,  several  analyses  [3] -[5]  have  become  available  for  predicting 
microwave  breakdown  in  the  presence  of  nonuniformities.  Epstein  gave  a 
variational  technique  that  accommodates  cw  [5]  or  pulsed  [6]  breakdown  and 
gas  nonuniformities  as  well  as  electric -field  nonuniformities.  We  will  use 
this  analysis  with  some  modifications  for  the  calculations. 

Since  all  previous  antenna  breakdown  calculations  that  account  for  non¬ 
uniformities  have  been  confined  to  the  case  of  a  slot  on  an  infinite  ground- 
plane  geometry  [?],  out  major  contribution  in  this  paper  is  demonstrating 
that  breakdown  on  a  geometry  that  must  be  considered  finite  by  virtue  of  its 
size  relative  to  wavelength  can  also  be  predicted  by  existing  techniques  and 
models . 


II.  DESCRIPTION  OF  EXPERIMENTAL  MODEL 


The  conical  vehicle  for  which  breakdown  measurements  were  taken  is 
shown  in  Fig.  1.  The  vehicle  is  split  electrically  to  form  an  asymmetrical 
dipole  with  roll-symmetric  excitation.  The  antenna  is  fed  through  a  50-ohm 
coaxial  transmission  line  with  a  center  conductor  designed  to  provide  a  reflec- 
tionleso  transition  to  the  radial  transmission.  The  radial  transmission  line 
in  turn  excites  the  aperture. 

The  model  was  fabricated  to  the  dimensions  shown  ±0-  001  in.  The 
dimensions  expressed  in  terms  of  wavelengths  are  consistent  with  an  operating 
frequency  of  1500  MHz.  The  assembly  was  scaled  at  one  atmospheric  pres¬ 
sure  by  machining  tight-fitting  dielectric  in  the  feed  line  and  at  the  aperture 
and  by  wetting  the  dielectric  witi  silicone  vacuum  grease.  After  the  antenna 
was  fully  assembled,  a  fine  machine  cut  was  taken  along  the  cone  to  ensure 
that  the  dielectric  window  was  flush  with  the  aluminum  body. 
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III.  NEAR -FIELD  CALCULATIONS 


The  theoretical  model  is  a  figure  of  revolution  with  a  generating  curve 
that  is  a  continuous  function  consisting  of  a  circular  arc  representing  the  nose 
tip  and  two  straight  lines  representing  the  sides  and  base  of  the  cone  (Fig.  2). 
The  slight  differences  between  this  simplified  geometry  and  the  actual  model 
are  not  important.  The  generating  curve  can  be  represented  by  a  single 
variable  t,  and  if  a  voltage  V  is  applied  across  the  feed  gap,  the  tangential 
electric  field  on  the  surface  of  this  vehicle  can  be  assumed  to  be 


(at  tj  £  t  <  t2) 


=  0  (elsewhere) 


(I) 


where  d  is  the  gap  width  and  a*t  is  a  unit  vector  tangent  to  the  generating 
curve.  The  boundary  condition  that  uniquely  defines  the  exterior  field  con¬ 
figuration  is  represented  by  Eq.  (1). 

Complete  details  of  the  electric -field  calculation  are  included  elsewhere, ' 
therefore,  this  discussion  will  be  brief.  The  problem  was  originally 
considered  by  Mautz  and  Harrington  [l],  who  used  moment  methods  to  obtain 
the  current  distribution  on  the  surface  of  the  vehicle.  The  important  differ¬ 
ences  between  the  present  calculation  and  that  of  Mautz  and  Harrington  will 
be  brought  out  later  in  the  discussion. 

Essentially,  moment  methods  include  reducing  an  integral  equation 

■  -S 

involving  the  unknown  surface  current  (per  imit  width)  J  to  a  set  of  linear 

algebraic  equations  of  the  form 
5 - - - - - - 

K.  M.  SooHoo,  "The  Near  and  Far  Fieids  of  a  Symmetrically  Excited  Finite 
Cone,  "  to  be  published. 
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(2) 


which  may  then  be  solved  for  Jl-J  by  standard  matrix -inversion  techniques. 
The  column  matrix  jv;j  i#  directly  related  to  the  given  excitation  or,  in  this 

r  -> 

case,  Eq.  (1).  The  symmetric  matrix  jZ^jj  •'*  a  generalized  impedance 
matrix  with  its  elements  dependent  only  on  the  geometrical  configuration. 


Details  of  the  calculation  of  jz^J  and  jV.j  are  given  elsewhe 


re. 


The  relationship  between  J  and  the  elements  of  the  column  matrix  (I. 


is  the  finite  sum 


(3) 


where  J.  axe  expansion  functions  that  must  be  suitably  chosen  such  that  the 
elements  of  jz^j  are  relatively  easy  to  compute,  while,  at  the  same  time, 

Eq.  (3)  has  reasonably  good  convergence. 

The  triangular  expansion  function  suggested  by  Maufz  and  Harrington 
gives  a  piecewise -linear  approximation  to  the  current  distribution.  Here, 
triangular  functions  are  also  used;  however,  the  exact  form  is  different  for 
the  following  reasons;  First,  the  triangles  are  allowed  to  span  unequal 
intervals  so  that  a  very  accurate  calculation  of  the  current  can  be  made  on 
certain  portions  of  the  vehicle  (e.g.,  where  the  near  fields  are  of  interest) 
without  having  to  force  the  number  of  element®  in  Jz.,  to  become  excessively 
large.  Second,  Mautz  and  Harrington’s  expansion  functions  were  actually  the 
triangular  function  divided  by  the  radial  variable  in  cylindrical  coordinates  p. 


K.  M.  SooHoo,  “The  Near  and  Far  Fields  of  a  Symmetrically  Excited  Finite 
Cone,  ”  to  be  published. 
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This  simplifies  the  calculations.  However,  it  can  be  shown  by  the  use  of  the 
continuity  equation  that  p  must  be  removed  or  the  surface  charge  density  be¬ 
comes  infinite  whenever  p  goes  to  aero  (e<g.,  the  nose  tip}.  Thus,  ,in  order  to 
ensure  that  the  correct  normal  electric  field  is  computed  at  the  nose  tip,  the 
expansion  functions  are  chosen  to  be  equal  to  the  triangular  function. 

Calculations  were  made  on  a  CDC  6600  computer.  The  total  current 
2irp(a*t  •  J^),  as  a  function  of  distance  along  the  generating  curve,  is  shown 
in  Fig.  3.  The  excitation  for  this  case  was  1  volt  applied  across  a  0. 1-in. 
gap.  Sixty  piecewise -linear  intervals  were  used  in  this  calculation. 

Since  the  applied  voltage  is  1  volte  the  computed  current  at  the  gap  is 
also  the  input  admittance.  Thus,  it  can  be  seen  that  Y.^  =  0.  009  +  j*  024 
mhos.  Furthermore,  since  the  total  power  radiated  is  the  applied  voltage 


squared  times  the  input  conductance,  for  an  applied  voltage  of  1  volt,  the 
total  power  radiated  is  0.  009  watts  This  relationship  is  an  important  iactor 
in  computing  the  breakdown  power  curves. 

The  total  power  radiated  (0.009  watts)  was  also  obtained  by  inte¬ 
grating  the  Poynting  vector  over  a  far -field  sphere.  A  measured  directivity 
pattern,  compared  to  the  calculated  pattern  in  which  the  current  distribution  of 
Fig, 3  is  used,  is  shown  in  Fig.  4.  The  asymmetries  in  the  measured  pattern 
are  an  indication  of  its  inaccuracies.  Agreement,  generally,  is  quite  good. 

Details  of  the  near-field  calculation  are  also  given  elsewhere/  The  required 


integrations  are  performed  in  essentially  the  same  manne*  as  was  involved  in 
computing  the  elements  of  the  generalized  impedance  matrix  [z„j.  As  men¬ 
tioned  earlier,  the  accuracy  of  this  calculation  is  not  critically  tied  to  computer 

"X  — - -  - 

*'K.  M.  SooHoo,  "The  Near  and  Far  Fields  of  a  Symmetrically  Excited  Finite 
Cone,  "  to  be  published. 
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time  or  computer  storage,  because  it  is  only  necessary  to  obtain  a  very 
accurate  description  of  the  current  in  the  vicinity  of  the  point  at  which  the 
electric  field  is  to  be  computed. 

Figures  5  and  6  contain  the  required  input  data  for  the  breakdown  cal¬ 
culations  described  in  the  next  section.  Figure  5  shows  the  electric  field  as 
a  function  of  distance  from  both  the  tip  and  feed  gap,  where  the  gap  width  is 
0.  i  in.  and  the  frequency  is  1500  MHz.  Tip  and  gap  field  distributions,  for 
a  gap  width  of  0.2  in.  at  1560  MHz  are  shown  is  Fig.  6. 

The  current  distributions  for  die  gap  field  calculations  were  approxi¬ 
mated  by  76  piecewise  -linear  intervals,  where  the  24  intervals  in  the  vicinity 
of  She  gap  were  only  one -third  the  size  of  the  remaining  52  intervals.  The 
current  distributions  for  the  tip  field  calculations  were  approximated  by  SI 
piecewise -linear  intervals,  where  the  first  eight  intervals  at  the  nose  tip 
were  one  -fourth  the  sire  of  the  next  16,  which,  is  tans,  were  one -sixth  the 
sice  cf  the  remaining  57  intervals.  The  near  fields  computed  in  &is  manner 
are  estimated  to  have  better  than  5%  accuracy. 

These  results  are  quite  reasonable  foSr  the  following  reasons;  First,  at 
small  distances  from  the  vehicle  surface,  one  expects  the  vehicle  to  appear 
as  an  infinite  ground  plane,  fodeeu,  it  was  found  that  there  are  practically 
no  differences  between  die  gap  fields  shown  in  Fig*.  5  and  6  and  the  cal¬ 
culated  near  field  of  an  infinite  ground  plane  [?}.  Second,  it  can  be  seen 
that  the  tip  fields  appear  te  fall  off  inversely  with  distance.  This  is  quite 
reasonable,  since  in  this  region  the  main  contribution  to  tse  electric  field 
is  expected  to  come  from  a  spherical  wave  originating  a;  the  nose  tip  as  in 


WAVELENGTH  TIMES  ELECTRIC  FIELD,  V 


Figare  b.  Kear-Fieic  Diitrib^ioss  at  Gap  ted  Tip 
for  Fr^eeacy  =  i5<*€f  MHz  tad  Gap  Height  -  0. 2  a. 
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the  case  of  a  thin,  linear  antenna  [9J.  At  greater  distances  (at  approximately 
4  in.  from  the  nose  tip),  as  expected,  the  field  begins  to  fall  off  inversely  with 
distance  squared. 


IV.  BREAKDOWN  CALCULATIONS 


The  calculation  oi  microwave  breakdown  in  gases  is  based  on  the  elec¬ 
tron  continuity  equation  oi'  which  we  will  adopt  the  following  form 

|f*  (v.-va)n  +  V-{DVn)  (4) 


where  n  is  the  electron  density.  If  the  electric  field  is  nonuniform,  then  the 
ionization  frequency  the  attachment  frequency  v&,  and  the  diffusion  coeffi¬ 
cient  D  will  vary  spatially,  since  they  are  all  functions  of  electric  field.  How¬ 
ever,  in  cases  where  the  electric  field  and  gas  properties  are  both  uniform  in 
space  and  time,  these  parameters  are  likewise  independent  of  space  and 
time.  Then,  by  separation  of  variables,  this  equation  can  be  integrated  to 
yield 


/n(n/n.) 

T 


■  h 


where  a  is  the  characteristic  diffusion  length  of  the  container  or  region  in 
which  breakdown  is  to  be  obtained  and  n.  is  the  initial  electron  density.  For 
rectangular  containers  in  which  one  dimension  /  it.  smaller  than  the  others 
and,  hence,  dominates  the  determining  diffusion  losses,  the  characteristic 
diffusion  length  is  A  =  £h r. 

For  cw  breakdown  one  lets  time  t  in  Eq.  (5)  go  to  infinity  or 
dn/dt  in  Eq.  (4)  go  to  zero.  The  corresponding  equations  then  are 


r  ,TWnT7’T?’tT:'i''TirirH! 


TT 


where  we  now  define  v  ~  v.  -  v  , 

l  a 

In  the  experiment  reported  here,  it  is  expected  that  the  pulse  duration  of 
the  microwave  power  is  sufficiently  long  that  the  condition  of  cw  breakdown, 
as  opposed  to  pulsed  breakdown,  is  achieved.  It  will  be  seen  that  the  analysis 
to  be  described  for  breakdown  in  a  nonuniform  field  will  yield  a  value  for  the 
effective  diffusion  length  A .  This  allows  us  through  the  use  of  terms  inEq.  (5) 
to  determine  approximately  the  validity  of  the  assumption  that  cw  breakdown 
conditions  have  been  realized  in  the  experiment.  We  place  the  calculated 
value  of  Ae  and  the  value  of  pulse  duration  used  in  the  experiment  into  the 


following  relation 


Ae 


which  expresses  the  ratio  oi  finite  time  effects  to  diffusion  effects  in  deter¬ 
mining  the  breakdown  level.  In  Eq.  (8),  n^  is  the  electron  density  that  defines 
breakdown  and  is  usually  taken  to  be  the  critical  electron  density.  If  R«  I,  cw 
breakdown  conditions  apply, and  the  use  of  a  cw  breakdt  vn  analysis  is  appro¬ 
priate.  This  quantity  will  be  evaluated  systematically  with  the  calculated 

values  of  A  c 
e 

For  a  nonuniform  electric  field  Epstein  has  given  a  variational  analysis 
that  we  will  use.  This  analysis  is  discussed  in  greater  detail  in  [lO]  and  is 


briefly  outlined  below.  His  analysis  shows  that  Eq.  (6)  can  be  expressed  as 
a  variational  statement 

6 /  j\fn2  -  g(Vn)2]d|  =  0  (9) 

0 

where  we  consider  only  one  dimension  and  introduce  the  following  dimension¬ 
less  parameters:  i(£)  =  v(£)/vq,  g(£)  =  D{4)/Dq,  \  =  »'o/2/Do,  and  £  s  x/i, 
where  the  subscript  zero  denotes  a  convenient  reference  point,  usually  the 
point  of  maximum  field  strength.  A  Ritz  method  is  then  used  to  solve  this 
equation.  We  use  a  trial  function  of  two  undetermined  constants  that  meets 
the  boundary  conditions  on  electron  density 

a  =  Cj£(l  -£)  +  C2f(l  -£)k  (10) 

This  trial  function  is  inserted  into  Eq.  (9)  and  the  result  is  a  quadratic 

equation  for  \,  where  the  smallest  positive  root  is  the  breakdown  solution. 

For  the  functional  dependence  of  the  various  parameters,  we  have  used 

[llj  to  obtain  v/p  vs  Eg/p,  [12]  to  obtain  Dp  =  (29  +  0.  9  Eg/ p)  X  10^ 

cm2-torr/sec,  and  [14]  to  obtain  P./p  =  5.3  X  10^  sec-*  torr-*. 

These  relationships  are  such  that  l{£ )  and  g{£)  depend  on  the  magnitude 

of  the  field  as  well  as  its  distribution  in  space.  Epstein,  therefore,  proposed 

to  iterate  on  this  procedure  until  a  consistent  solution  is  found.  We  depart 

from  Epstein's  method  at  this  point  and  take  advantage  of  the  fact  that  we  are 

considering  only  uniform  gas  properties.  If  we  note  that  the  functions  v/p  and 

—8 

Dp  can  be  expressed  as  functions  of  Eg/p  only,  for  p/u  <  10  /6irTorr-sec  [l3]. 
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it  is  clear  that  f(£  )  and  g{|)  are  unique  functions  of  Ee(£)/p  also.  Then,  if 

we  assume  a  collision  frequency  that  depends  only  on  gas  pressure,  i. e., 

v  / p  =  constant,  E  (£)/p  is  a  function  of  electric  field  and  gas  pressure 
c  c 


1 

li 

•UJ* 

W 

Erms<«> 

p 

p2  +  jw/'vc/p)]2 

(11) 


For  a  uniform,  but  for  the  time  being  arbitrary,  gas  pressure  the  spatia 

variation  of  E  (§)/ p  is  just  that  of  E  {§).  If  vve  specify  the  value  of  (E  /p), 
c  rms  6 

then  for  a  known  E -field  distribution,  f(§)  and  g(§)  are  determined. 

Once  X  is  found  from  Eq.  (9),  we  can  find  the  pressure  for  which  the 
solution  is  valid,  i.  e.. 


P  = 


(12) 


and  the  corresponding  electric  field  (E  )  can  be  found  from  Eq.  (1 1).  It  is 
also  possible  to  find  an  effective  diffusion  length,  i.  e. , 


(13) 


One  can  then  run  through  successive  values  of  (Ee/p)Q  and  find  values  of 
pressure  and  electric  field  for  breakdown  for  each  value. 

The  question  arises  as  to  what  values  of  the  integration  interval  t  and 
of  the  exponent  k  in  Eq.  (10)  to  chose.  It  can  be  shown  that  this  analysis  leads 
to  an  approximate  eigenvalue  X  that  is  an  upper  bound  to  the  true  value  and  also 
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that  it  is  a  property  of  the  analysis  that  the  solution  is  stationary  with  respect 
to  the  trial  function.  However,  it  is  possible  to  improve  on  the  estimated 
breakdown  field  by  x’epeating  the  calculation  for  several  values  of  k  and  l . 

The  best  solution  is  the  lowest  eigenvalue  at  any  given  pressure  for  ail  com¬ 
binations  of  k  and  i.  Accordingly,  the  values  of  k  and  l  used  in  the  calcula¬ 
tions  reported  here  were  varied  successively  and  systematically  until  minimum 
eigenvalues  were  found. 

The  electric -field  distributions  depicted  in  Figs.  5  and  6  were  used  to 
perform  the  preceding  breakdown  calculations.  The  resulting  values  of  Ag 

9 

and  R  are  plotted  in  Figs.  7  and  8.  In  evaluating  R,  we  have  used  (n,  /n  }=  10  , 
=  10  microseconds,  and  D  evaluated  at  peak  field,  i.  e. ,  D  =  Dq.  Clearly, 
the  conditions  of  cw  breakdown  were  satisfied  in  this  experiment.  The  impor¬ 
tant  results  of  these  calculations,  i.e. ,  plots  of  incident  power  for  breakdown 
versus  pressure,  are  shown  in  Section  V  along  with  the  experimental  data. 
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GAP  BREAKDOWN 


Figure  7.  Calculated  Diffusion  Length  A 


Figure 


V. 


EitPERIMENT  AND  RESULTS 


The  breakdown  test  apparatus  consists  of  a  high -power  R_F  source,  an 
RF  transparent  chamber  in  which  the  antenna  under  test  was  placed, 

and  the  set  of  sensing  instrumentation  and  visual  display  (Fig,  9).  The  vacuum 
chamber  is  a  5 -foot  diameter  plexiglass  sphere  with  0.5-in.  thick  walls.  A 
low-level  radioactive  source  was  placed  in  the  chamber  near  the  antenna  to 
provide  a  few  free  electron*  from  which  the  breakdown  avalanche  could  start 
when  critical  power  was  applied.  All  cables  and  directional  couplers  that 
lead  to  meter  readouts  and  to  the  antenna  were  calibrated  as  ?  system  so  that 
the  interaction  of  component  mismatches  could  be  included  in  the  calibration. 

The  Y5WR  and  efficiency  of  the  antenna  was  determined  on  a  network 
analyser  prior  to  breakdown  testing.  Then,  the  VSWR  was  again  measured 
whtli  the  antenna  was  in  die  vacuum  chamber  by  the  use  of  the  forward-  and 
ref  £«c  >d  -powe  r  meters  shown  ia  Fig.  9.  This  served  as  a  secondary  check 
on  the  cabling  system  and  antenna  after  all  test  apparatus  was  in  place  and 
comtected. 

With  the,  vacuum  chamber  pressure  fixed,  the  variable  attenuator  was 
used  to  increase  the  power  applied  to  the  antenna  until  antenna  breakdown 
occurred.  Breakdown  was  always  observed  visually  at  the  antenna  aperture 
and  by  a  corresponding  increase  in  reflected  power  as  observed  os  the  reflected 
power  meter  and  the  dual-trace  oscilloscope.  The  forward  power  (less  the 
reflected  power)  at  incipient  breakdown, corrected  for  both  cable  and  directional 
coupler  losses,  was  recorded  as  the  breakdown  power.  This  process  was 

MOQW  Mfif  HIM 
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repeated  for  each  air  pressure.  The  iatess  feed  network  iscludleg  the  radial 
terminating  is  the  circumferential  gap  »j?  sealed  at  cue  atmosphere, 
because  it  was  found  that  icti.mil  arcing  would  occur  at  low  air  pressure. 

The  applied  power  was  pulsed  at  1000  cycles  per  *ec&a4aad  the  pulses  were 
10  micro  seconds  wide.  The  pulse  rate  was  varied  extensively,  and  breakdown 
threshold  was  fosses  to  be  independent  of  pulse  rate. 

Measured  breakdown  power  along  with  the  computed  result*  for  the  0. I- 
sa.  gap  are  chews  as  functions  of  pressure  os  Figs.  10  and  11.  As  indicated, 
fend-gap  breakdown  was  observed  at  pressures  below  1.0  Torr;  while  at  pres¬ 
sures  above  2.9  Tort,  breakdown  occurred  at  the  nose  tip.  hi  this  latter  re¬ 
gime,  subsequent  gap  breakdown  could  be  attained  by  a  farther  increase  of 
the  incident  power.  However,  this  data  is  sot  shews,  since  It  Is  not  knows 
how  tip  bt.  ikdw:  should  influence  the  near -Held  calculation  at  the  gap- 

In  the  region  between  1.  3  and  2-9  Torr,  it  appeared  that  breakdown 
was  initiated  simultaneously  in  uotfc  tip  and  gap  rsgiost.  However,  an  apparent 
discontinuity  exhibited  by  the  data  at  I.  S  Torr  indicates  shat  the  crossover 
from  gap  to  tip  breakdown  actually  occurred  at  feat  point.  Thus,  <*&  Fig-  13 
the  calculated  and  measured  curves  should  be  compared  coir  ?ptc  f.l  Terr, 
while  os  Fig.  II  comparisons  should  only  be  made  at  pressures  above  1.5  Torr. 

The  gap  width  was  extended  to  0.  2  in.  in  order  to  avosd  the  prcblcrr.  of  over¬ 
lapping  breakdown  regions.  For  this  case,  tip  breakdown  occurred  as  all  the  levels 
of  pressure  tested.  The  comparison  between  theory  and  measurement  is  fkvs 
in  Fig.  12-  The  operating  frequency  for  this  case  was  changed  to  1360  hJHa. 
is  order  to  preclude  tip  breakdown,  the  nose  tip  was  covered  with  dielectrlL- 
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Figure  11.  Calculated  Tip  Breakdown  Compared  with  Experimental  Data 
for  Frequency  =  1500  MHz  and  Gap  Height  =  0. 1  in. 


Figure  12.  Calculated  Tip  Breakdown  Compared  with  Experimental  Data 
for  Frequency  =  1560  MHz  and  Gap  Height  =  0.2  in. 


The  resultant  gap  breakdown  data  along  with  the  computed  curve  is  shown  in 
Fig.  13.  The  effect  of  a  dielectric  covered  tip  was  not  included  in  the 
calculations . 


Figure  13,  Calculated  Gap  Breakdown  Compared  with  Experimental  Data 
for  Frequency  =  1560  MH*  and  Gap  Height  =  0,?,  in. 


VI.  DISCUSSION 


Instrumentation  and  reading  inaccuracies  and  errors  associated  with 
estimating  internal  system  losses  (efficiency)  are  the  principal  contributors 
to  errors  in  the  measured  data.  In  addition,  the  electric -field  distributions 
may  have  been  distorted  to  some  degree  by  the  plexiglass  chamber  walls  and 
by  the  presence  of  the  feed  cable.  These  latter  two  effects  were  not,  however, 
found  to  be  significant.  A  crude  estimate  of  the  overall  accuracy  of  the  break¬ 
down  data  is  ±1.5  dB. 

It  can  be  seen  from  Figs.  10  and  13  that  the  calculated  and  measured 
gap  breakdown  curves  are  in  agreement  within  the  estimated  accuracy  of  the 
data.  For  tip  breakdown,  agreement  is  not  as  good,  but,  for  the  most  part, 
it  is  still  within  the  accuracy  of  the  data. 

It  is,  therefore,  concluded  that  the  breakdown  power  levels  for  a  sym¬ 
metrically  excited  finite  body  can  be  predicted  with  sophisticated  numerical 
techniques  and  a  high-speed  digital  computer.  The  better  a  sement 
exhibited  by  gap  breakdown  may  be  attributed  to  the  fact  that  the  breakdown 
model  only  accounts  for  one -dimensional  nonuniformities,  and  the  electric - 
fieid  fall-off  behavior  at  the  gap  is  obviously  more  one  dimensional  than  at 
the  tip. 
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